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ABSTRACT 

Two  studies  in  a  western  white  pine  blister  rust  resistance 
breeding  arboretum /seed  orchard  examined  the  effect  of 
stem  breakage  on  cone  and  pollen  production.  Research 
was  based  on  4  years  of  data  from  1,529  trees  15  to  29  years 
of  age.  Cone  and  pollen  production  were  increased  by 
breakage  of  the  main  stem  in  the  upper  crown.  Top  pruning 
may  be  a  viable  technique  for  stimulating  flowering  in  seed 
orchards  of  western  white  pine. 
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There  has  been  increasing  interest  in  the  use  of  western 
white  pine  planting  stock  (Pinus  monticola  Dougl.)  that  is 
resistant  to  the  fungus  Cronartium  ribicola  J.  Fischer  ex. 
Rabenh.  Today  a  breeding  arboretum/seedling  seed 
orchard,  a  grafted  seed  orchard,  and  ayoung  seedling  seed 
orchard  in  Idaho  produce  seed  for  this  purpose.  Three 
other  seed  orchards  of  western  white  pine  were  established 
from  1971  to  1974.  These  orchards  should  begin  to 
produce  commercial  quantities  of  seed  by  1990. 

The  cost  of  cone'  collection  depends  on  equipment, 
terrain,  and  personnel  needed,  and  expenses  are  usually 
greater  with  increasing  tree  height.  Thus,  for  economic 
reasons,  height  of  orchard  trees  should  be  limited  by 
pruning  or  pollarding. 

Pollarding  may  also  influence  the  quantity  of  cone  and 
seed  production.  This  will  be  an  important  consideration 
because  it  reduces  the  cost  per  pound  of  seed  in  the 
orchards.  Two  producing  western  white  pine  orchards  in 
northern  Idaho  can  benefit  immediately  from  information 
on  pruning.  Seed  orchard  management  policies  will  also 
be  needed  for  newly  established  and  future  seed  orchards 
of  this  species. 

This  study  reports  on  the  effect  of  stem  breakage  on 
cone  and  pollen  production  in  a  breeding  arboretum  that 
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is  currently  being  used  to-  produce  resistant  production 
stock.  Tree  climbing  to  collect  cones  and  large  birds 
landing  in  succulent  apical  leaders  were  the  primary 
causes  for  top  breakage.  Data  were  collected  for  4  years. 

LITERATURE  REVIEW 

Results  of  research  on  pruning  and  crown  shaping, 
reported  in  the  literature,  are  inconsistent.  Past  research 
suggests  that  pruning  for  cone  stimulation  is  dependent 
on  species,  degree  of  pruning,  timing,  and  individual 
genotypes. 

Faulkner  and  Matthews  (1961)  stated  that  crown  pruning 
treatments  to  shape  the  crown  or  limit  height  growth  have 
been  suggested  by  Scandinavian  workers,  but  that  no 
definite  proposals  had  been  put  forward  as  of  that  time  for 
any  of  the  conifer  tree  species.  Zobel,2  reporting  on  his  trip 
to  Northern  Europe,  stated  that  most  Swedes  strongly 
favored  pruning  or  rounding  off  trees  in  seed  orchards, 
even  though  one  man  produced  data  showing  that  pruned 
orchards  were  producing  much  less  seed  at  1 2  years  of  age. 
In  the  other  European  countries  they  visited  scarcely  any- 
one favored  pruning  conifers. 

Gansel  (1978),  in  a  pruning  study,  reduced  cone  pro- 
duction slightly  with  pruning,  but  noted  that  pruning  ex- 
tended the  period  of  efficient  cone  collection  in  the  or- 
chard. He  also  observed  that  orchard  insects  preferred 
trees  after  pruning  and  remarked  that  if  seed  orchard  in- 
sects had  been  controlled,  the  effects  of  pruning  on  cone 
production  might  have  been  quite  different. 

Buijtenen  and  Brown  (1963)  found  that  pruning  mature 
loblolly  trees  was  not  as  detrimental  as  pruning  young 
trees.  They  reported  that  on  mature  trees,  removal  of  the 
upper  parts  of  the  crown  resulted  in  a  reduction  in  the  num- 
ber of  female  flowers  and  that  removal  of  the  lower  part  of 
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the  crown  reduced  the  number  of  male  flowers.  They  also 
reported  an  increase  in  the  number  of  female  flowers  in  the 
trees  from  which  the  lower  half  of  the  crown  was  removed. 
They  reported  that  even  light  pruning  treatments  on  young 
trees  seriously  reduced  the  number  of  flowers. 

Goddard  and  others3  reported  that  light  pruning  had  no 
effect  on  cone  production  of  slash  pine,  but  that  medium 
and  heavy  pruning  significantly  reduced  cone  production. 
They  felt  that  light  pruning  could  be  repeated  periodically 
without  production  losses.  They  also  experimented  with 
bending  the  trees.  Significantly  more  cones  were  pro- 
duced on  all  bent  trees  and  several  unproductive  clones 
flowered  when  bent. 

Vanhaverbeke  and  Barber  (1961)  reported  negative  re- 
sults for  a  branch  bending  experiment  with  slash  pine. 
They  observed  50  percent  less  growth  on  the  bent 
branches,  but  there  was  no  increase  or  decrease  in  flower- 
ing. The  lower  branches  were  more  affected  than  the  upper 
ones. 

Zobel  and  others  (1958),  in  discussing  seed  orchard 
management,  stated  that  there  were  not  enough  data  at  that 
time  to  recommend  pruning,  but  that  observations  of 
severely  topped  trees,  such  as  those  under  power  lines, 
showed  that  the  lower  limbs  of  pines  can  provide  heavy 
cone  crops. 

Fowler  (1965)  suggested  that  manipulation  of  the  crown 
shape  of  trees  in  clonal  or  seedling  seed  orchards  will  re- 
sult in  an  increase  in  the  proportion  of  self-fertilized  seeds 
produced  by  the  orchards.  He  used  marker  genes  to  esti- 
mate natural  self-fertilization  in  three  open-grown  Pinus 
banksiana  trees.  He  estimated  that  1 3  percent  of  the  seeds 
obtained  from  the  upper  crowns  and  26  percent  of  those 
from  the  lower  crowns  resulted  from  self-fertilization.  He 
reasoned  that  the  reduction  in  height  would  reduce  thedis- 
tance  between  male  and  female  flowers  and  so  increase 
self-fertilization. 

Buijtenen  (1968)  stated  that  all  pruning  treatments  re- 
duced the  number  of  flowers  produced  in  loblolly;  there- 
fore, they  have  discontinued  further  experiments  on  effects 
of  pruning.  Their  pruning  treatments  were  relatively 
severe,  however,  as  were  those  of  the  other  preceding  ex- 
periments. Their  lightest  pruning  treatment  was  the  re- 
moval of  the  main  leader  of  the  last  flush  of  growth  from  all 
major  limbs  and  the  main  bole  during  the  fall  of  each  year. 

Busse  (1 924)  found  that  flower  and  seed  production  were 
stimulated  in  Pinus  sylvestris  by  breaking  off  the  leader  and 
side  branch  tips  on  17-year-old  trees. 

Wareing  (1952)  found  that  removal  of  the  terminal  bud  on 
the  side  branches  of  Scotch  pine  stimulated  the  bud  de- 
velopment on  the  uppermost  "dwarf  shoots."  The  buds 
thus  stimulated  produced  male  flowers  on  young  (12  year 
old)  trees  which  had  not  yet  started  flowering. 

Chiba  (1965)  found  that  cutting  back  green  shoots  of 
Pinus  strobus  promoted  the  development. of  long  shoots 
from  resting  buds.  These  shoots  produced  numerous  male 
flowers,  but  few  female  strobili.  He  also  reported  that 
clonal  differences  in  flower  production  were  very  marked. 

Faulkner  (1966)  reported  that  removal  of  one-half  of  the 
previous  year's  growth,  of  the  terminal  and  top  fourth,  fifth, 

3Goddard,  R.E.,  R.K.  Strickland,  and  W.J.  Peters.  1964.  6th  Prog.  Rep., 
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and  sixth  whorls  of  laterals  in  April,  increased  the  number 
of  female  flowers  on  Scotch  pine. 

Because  of  increasing  difficulty  in  collecting  cones  from 
taller  trees  in  the  Tallaganda,  New  South  Wales,  P.  radiata 
seed  orchard,  two  blocks  of  trees  were  pollarded  by 
Matheson  (1976)  at  about  26  feet  (8  m)  in  late  1970.  The 
1974  seed  crop  from  these  blocks  was  almost  twice  that  of 
other  blocks  in  the  orchard.  Pruning  at  an  early  age  did  not 
show  any  clear  benefits  in  P.  radiata.  Pollarding  has  not 
only  extended  the  productive  life  of  the  orchard,  but  may 
have  also  increased  its  average  annual  production. 

In  pruning  grafted  Douglas-fir,  Copes  (1973)  suggested 
that  ramets  be  permitted  to  grow  at  least  15  to  20  feet  (4.6 
to  6.1  m)  tall  before  annual  or  every-other-year  pruning  is 
started.  He  also  found  the  number  of  cones  produced  per 
foot  (0.3  m)  of  tree  height  was  nearly  the  same  for  both 
pruned  and  unpruned  trees. 

Melchoir  and  Heitmuller  (1961)  found  thatshorteningthe 
leading  and  side  shoots  of  3-year-old  grafts  of  Scotch  pine 
increased  female  or  male  flowering  according  to  different 
clones  treated.  There  was  a  great  correspondence  be- 
tween the  flowering  habit  of  the  progenies  of  grafts  of  110 
to  130-year-old  trees.  Pruning  the  side  and  leading  shoots 
in  February  was  most  favorable  for  increasing  male 
flowering. 

MATERIALS  AND  METHODS 

This  paper  presents  the  results  of  two  studies  conducted 
in  the  Moscow,  Idaho,  breeding  arboretum/seed  orchard. 
The  initial  research  investigated  the  difference  in  cone 
production  between  top-damaged  and  straight-stemmed 
trees  from  data  of  two  cone  crops.  A  more  comprehensive 
study  on  cone  and  pollen  production  of  stem-damaged  and 
nondamaged  trees  was  initiated  a  year  later  and  utilizes  4 
years  of  data  on  cone  and  pollen  production. 

The  first  study  examined  164  trees,  82  having  stem 
damage  to  the  last  three  years  of  growth  and  82  trees  dis- 
playing straight  stem  form.  Sample  trees  were  chosen  at 
random  from  693  trees  in  the  orchard.  Orchard  trees 
studied  were  21  to  24  years  of  age  in  1976.  An  equal  num- 
ber of  trees  by  age  class  were  included  in  each  sample 
group.  Cone  production  data  were  obtained  for  each  tree 
in  the  orchard  by  ground  observation. 

In  the  second  study,  observations  were  made  on  1,447 
cone  producing  trees.  Actual  counts  were  made  of  total 
cones.  A  pollen  production  judgment  was  recorded  by 
class,  that  is,  0  =  no  pollen,  light  =  33  percent  of  capability, 
medium  =  66  percent  of  capability,  heavy  =  100  percent  of 
capability.  Trees  in  this  study  area  were  from  two  age 
classes.  The  younger  trees  were  1 5  to  1 8  years  old  and  the 
older  trees  were  24  to  29  years  of  age  in  1979.  Tree  break- 
age, as  represented  by  a  fork  in  the  bole,  was  evaluated  on 
each  tree  and  classed  according  to  the  position  of  the  fork 
in  the  tree  (fig.  1-4).  Rankings  were:  0  =  no  forks  (fig.  1  and 
3),  1  =  forked  at  the  ground  (fig.  1),  2  =  forked  at  5  feet 
(1.5  m)  (fig.  2),  3  =  forked  at  10  feet  (3  m),  4  =  forked  at  15 
feet  (4.6  m),  5  =  forked  at  20  feet  (6.1  m)  (fig.  3),  6  =  forked  at 
30  feet  (9:i  m)  (fig.  4). 
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Figure  1— White  pine  forked  at  ground 
level,  rank  1.  No  fork,  rank  0  in  the 
background  left. 


Figure  2.— White  pine  forked  at  1.5 
meters,  rank  2. 


Figure  4.— White  pine  forked  at  9  meters, 
rank  6. 


The  study  area  consists  of  a  20-acre  (8-ha)  breeding 
arboretum  that  is  also  being  used  as  a  seedling  seed  or- 
chard by  the  USDA  Forest  Service,  Intermountain  Forest 
and  Range  Experiment  Station  in  Moscow,  Idaho.  This 
area  is  located  on  agricultural  land  in  the  Palouse  Hills, 
approximately  one-half  mile  west  of  Moscow.  The  site  is 
considerably  windier,  drier,  and  warmer  than  the  native 
habitat  of  western  white  pine.  Soils  in  the  arboretum  are 
loessal  and  deep.  Spacing  of  trees  is  approximately  20  by 
20  feet  (6.1  by  6.1  m).  Watering  has  been  by  sprinkler  irriga- 
tion. In  1977,  the  orchard  was  fertilized  with  processed 
sewage  effluents.  Ground  cover  was  controlled  originally 
by  black  plastic  around  each  tree.  Later,  machine  mowing 
and  horses  were  used  for  turf  control. 


Table  1.— Analysis  of  variance  of  cone  crop  of  western  white  pint 
trees  having  straight  stem  form  and  trees  with  central 
stem  damage 


Analysis  of  variance 

Source  of  variation 

df 

SS 

MS 

F 

1976 

Among  treatments 
Within  treatments 

1 

163 

9,084.2 
96,454.8 

9,084.2 
588.1 

'15.4 

1977 

Among  treatments 
Within  treatments 

1 

163 

11,824.1 
206,658.8 

11,824.1 
1,260.1 

'9.3 

'Significant  at  1  percent  level. 


RESULTS  AND  CONCLUSIONS 

The  first  study  showed  that  there  was  a  highly  significant 
difference  in  cone  production  between  stem-damaged  and 
nondamaged  trees.  Average  cone  production  in  1976  was 
16.1  for  straight  formed  trees  compared  with  30.7  for  indi- 
viduals having  apical  stem  damage  in  the  upper  crown. 
Similar  results  were  evident  from  1977  cone  production 
data  (table  1). 

In  the  second  study,  a  significant  difference  in  cone  pro- 
duction was  found  between  trees  having  forks  in  the  upper 
crown  and  those  having  no  forks  (table  2  and  fig.  5).  Tree 
age  and  height  were  also  significant  factors  influencing 
cone  production.  Trees  in  the  younger  age  class  were  more 
responsive  to  pruning.  Forking  in  the  bole  above  15  feet 
(4.6  m)  from  the  ground  significantly  increased  cone  pro- 
duction over  the  4-year  period.  For  trees  forked  above  15 
feet  (4.6  m),  predicted  cone  increase  was  376  percent  more 
than  the  average  value  for  single  stemmed  trees  in  age 
group  15  to  18.  For  trees  24  to  29  years  old  the  predicted 


Table  2.— Four  year  average  cone  production  (per  tree)  of 
western  white  pine  by  fork  rank  and  age  group 


Cone  production  by 

 age  group  

15  to  18  24  to  29 


Fork  rank1  years  years 

0  15.4  96.1 

1  9.4  101.3 

2  14.0  95.2 

3  10.6  133.6 

4  18.6  105.4 

5  6.0  138.5 

6  25.4  154.9 


'0  =  no  forks;  1  =  forked  at  the  ground;  2  =  forked  at  5  feet  (1.5  m); 
3  =  forked  at  10  feet  (3  m);  4  =  forked  at  15  feet  (4.6  m); 
5  =  forked  at  20  feet  (6.1  m);  and  6  =  forked  at  30  feet  (9.1  m). 
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15  to  18  years  24  to  29  years 


Age  group 

Figure  5. --Expected  annual  cone 
production  of  white  pine  based  on 
regression  of  average  cones  on  tree 
age  group  and  fork  class. 


15  to  18  years    24  to  29  years 


Age  group 

Figure  6.— Expected  pollen  produc- 
tion based  on  regression  of  pollen  on 
tree  age  and  fork  class. 


increase  was  44  percent  more  than  the  average  value  for 
trees  in  the  not  forked  class.  The  predicted  values  in  figure 
5  represent  the  average  number  of  cones  per  tree  per  year. 
Based  on  the  4-year  cone  count,  trees  in  the  group  ranked 
no  forks  or  forked  below  10  feet  (3  m)  and  in  age  class  15to 
18  may  be  expected  to  produce  2.90  cones  per  year. 

Pollen  increase  was  significant  at  the  95  percent  level  for 
trees  forked  above  15  feet  (4.6  m)  (fig.  6).  A  standard  t-test 
was  made  for  all  classes  and  another  analysis  was  made 
grouping  fork  height  classes  3  and  4  together  and  classes 
5  and  6  together.  Both  of  these  grouped  classes  showed 
significantly  greater  pollen  production  than  no  forks  in  the 
tree  (fig.  6).  Forking  in  the  lower  bole  of  the  tree  produced 
no  significant  results. 

In  contrast  to  what  has  been  reported  for  many  pines, 
stem  pruning  in  western  white  pine,  10  feet  (3  m)  and  above 
from  the  ground,  did  increase  cone  and  pollen  production 
in  this  orchard.  The  crown  form  observed  in  this  orchard  is 
the  result  of  unplanned  pruning,  that  is,  pruning  by  climb- 
ers and  birds.  We  intend  to  follow  these  results  with  a  con- 
trolled pruning  study. 

MANAGEMENT  IMPLICATIONS 
AND  RECOMMENDATIONS 

The  improvement  program  of  western  white  pine  in  the 
Northern  Rocky  Mountain  region  began  with  research  into 
breeding  for  blister  rust  resistance.  The  cumulative  re- 
search work  of  over  30  years,  as  well  as  the  large  monetary 
expenditures  involved,  represents  a  commitment  to  the 
perpetuation  and  improvement  of  western  white  pine. 

Although  more  intensive  controlled  research  is  needed, 
several  guidelines  for  the  implementation  of  pruning  can  be 
given. 

1.  Trees  should  be  sexually  mature  before  pruning  is 
initiated.  In  this  study,  cone  production  from  15-  to  18- 
year-old  trees  showed  better  response  to  unplanned  prun- 
ing than  did  older,  24-  to  29-year-old  trees.  Pruning  on 
smaller  nonflowering  trees  may  increase  the  time  to  reach 
sexual  maturity. 

2.  Pruning  should  be  limited  to  the  upper  crown  and 
should  involve  removal  of  the  previous  year's  leader 
growth.  More  severe  pruning  would  result  in  the  removal 
of  a  significant  portion  of  the  next  year's  cone  crop.  If  pos- 
sible, top  pruning  should  be  applied  during  a  year  when  a 
minor  crop  of  conelets  is  evident  on  the  apical  leader.  A 
normal  bumper  cone  crop  periodicity  in  western  white  pine 
is  4  years.  The  year  following  a  bumper  crop  few  cones  are 
produced. 

3.  The  frequency  of  treatment  application  is  depend- 
ent upon  the  desired  size  of  orchard  trees,  the  growth  rate 
and  the  cost  involved  with  pruning.  A  significant  factor  in 
total  cone  production  is  the  height  of  the  tree. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 


Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity  of  Idaho) 

—  o 

■c£      Provo,  Utah  (in  cooperation  with  Brigham  Young 
^  University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 


Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,  Utah  (in  cooperation  with  Utah  State 
University) 

Missoula,   Montana  (in  cooperation  with  the 
University  of  Montana) 


si 
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